Protecting Bacterial Cells from Rupture: A Multiscale Simulation Study of Braun's Lipoprotein  by Khalid, Syma & Piggot, Thomas J.
Wednesday, February 29, 2012 623apresent in the Symmons model. AcrB_dd stabilized the open state of BNII, but
was insufficient to open BNI within 1ms, suggesting either 1ms is too short to
open TolC or that another key is needed.
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Integral membrane transport proteins are essential to life of all organisms from
bacteria to mammals. These proteins control the transport of substrates and sec-
ondary active transport (SAT) proteins transport a large substrate with the help
of the smaller primary substrate (ions or proton). Although crystal structures of
these SAT proteins are available, nearly all of these proteins are crystallized in
a single state of the transport cycle. Our work aims to use atomic-level simu-
lations to probe these unknown states based on a single crystal structure. The
method uses a two-step hybrid simulation approach that involves self-guided
Langevin dynamics (SGLD) simulations to enhance conformational sampling
in an implicit bilayer and then molecular dynamics (MD) in an explicit bilayer.
This method has been shown to be successful for lactose permease (LacY) of E.
coli and agrees with many experimental observables, e.g., DEER, FRET, acces-
sibility, etc. (Pendse et al., JMB, 2010). The sodium-hydantoin transporter
(Mhp1) is one of the few SAT proteins with conformations in several states
of the transport cycle. Mhp1 offers a direct way to compare our new method
to enhance SAT protein conformational changes and probe substrate transport.
Our method has been successful in switching from the inward-facing and the
occluded state to the extracellular (EC) open state. The occluded simulation
switched from an EC-closed to EC-open (5.0 to 11 A˚) and the intracellular
(IC) gate sampled a closed position of 6.050.6A˚. A similar outward-facing
structure was obtained for the simulation that started in the inward-facing state.
The rigid helix bundle, hash motif, and thin gates of Mhp1 all overlay the
outward-facing crystal structure. These results show more motions than any
previous simulation (occluded or inward-facing) and demonstrate that our
method agrees with the ‘native’ outward-facing x-ray crystal structure.
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Comparison of crystallographic structures and deuterium accessibility of differ-
ent redox states of cytochrome c oxidase (CcO) has suggested conformational
changes of mechanistic significance. Intrinsic flexibility and low energy vibra-
tional motions of CcO have been analyzed with ProFlex and elNe´mo computa-
tional methods. The results identify flexible regions and potential
conformational changes in CcO that correlate well with published structural
and biochemical data and suggest new mechanistic insights. CcO is predicted
to undergo global rotational motions in opposing directions on the interior
and exterior of the membrane, driven by transmembrane helical tilting and
bendingmotions coupled with rocking of the subunit II b-sheet domain. As a re-
sult, the K-pathway becomes sufficiently flexible to allow internal water mol-
ecules to alternately occupy upper and lower parts of the pathway, associated
with conserved Thr359I and Lys362I residues. The D-pathway helices are
found to be relatively rigid, with a highly flexible entrance region involving
the subunit I C-terminus, potentially regulating the uptake of protons. Constric-
tion and dilation of hydrophobic channels in RsCcO suggest regulation of the
oxygen supply to the binuclear center. This analysis points to coupled confor-
mational changes in CcO and their potential to influence on proton and oxygen
access.
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The backbones of transmembrane helices are dynamic in a sense that they un-
fold locally and transiently on nanosecond timescales. We would like to review
our results on the backbone dynamics of diverse natural and de novo designed
transmembrane helix peptides by deuterium/hydrogen-exchange experiments
and Molecular Dynamics simulations. Our findings suggest that amino acids
that are known to be helix-destabilizing enhance dynamics. Thus, helix dynam-ics is sequence-dependent and protein functions depending on it can be opti-
mized during evolution. In one example, we studied the implications of TM
helix dynamics for the mechanism of membrane fusion. We will present data
indicating that enhanced TM-helix dynamics supports lipid mixing. In the sec-
ond case, we show that TM helix dynamics correlates with the ability of TM
peptides to induce lipid flip. In a third example, we investigated the backbone
dynamics of the
transmembrane do-
main of the amyloid
precursor protein
implicated in Alz-
heimers disease.
This is motivated
by the idea that pro-
teolytic processing
by gamma-secretase
requires local back-
bone unfolding. The
results show how
the dynamics of the APP TM-helix is distributed over the different proteolytic
cleavage sites and how it depends on critical amino acids.
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The cell envelope of Gram-negative bacteria is composed of two membranes.
The inner membrane has a relatively simple phospholipid composition, whilst
the asymmetric outer membrane is a complex mixture of lipopolysaccharide
(LPS) and phospholipids. The region between the two membranes, know as
the periplasm, is largely composed of peptidoglycan that maintains the cell
shape and protects its from rupture. Braun’s lipoprotein (BLP), a coiled-
coiled trimeric protein located within the periplasm, has long been known to
covalently bind to the peptidoglycan and to anchor the peptidoglycan to the in-
ner leaflet of the outer membrane. Recently, however, it has been shown that in
addition to this structural role, BLP is able to adopt a trans-membrane orienta-
tion across the outer membrane.
In this present study we have performed a series of molecular dynamics
simulations of BLP using both atomistic and coarse-grained approaches.
An atomistic model of the peptidoglycan has been developed and incorpo-
rated with our complex model of the E. coli outer membrane that contains
LPS in the outer leaflet and mixtures of phospholipids in the inner leaflet.
Multiple simulations of BLP, including the peptidoglycan bound and free
forms, plus BLP in a trans-membrane orientation have been performed.
These simulations have enabled us to explore the conformational dynamics,
oligomerisation and environmental interactions of BLP in these different
orientations.
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We analyze the dynamics of helical peptides that were designed de novo to
mimic the transmembrane domains (TMDs) of natural fusogenic proteins.
Their fusogenicity and the deuterium/proton exchange rates of the deuterated
backbone amides increase with the content of helix-destabilizing residues
(Val, Gly, Pro) corroborating the link between backbone dynamics and lipid
mixing (Poschner et al., 2009. J. Mol. Biol. 386:733-741). Recent experiments
indicate that these peptides also promote lipid flip. The efficiency by which
they flip reporter lipids with different head-groups critically depends on the
core sequence, the charge of the polar flanking residues, and the composition
of the host membrane. In order to examine the complex peptide/lipid interac-
tions we carried out all-atom MD simulations of these peptides in isotropic
membrane-mimetic solvent and in a mixeds bilayer (DOPC:DOPE:DOPS
3:1:1).
The simulations suggest that the local backbone dynamics of the TMDs is com-
parable less pronounced in the membrane than in isotropic solvent while the
rank order of sequences is maintained. Efficient snorkeling of flanking lysine
residues minimizes hydrophobic mismatch. The ordering of lipids around the
TMDs shows a considerable dependence not only on the charge state of helix
termini and head-groups, but also on the flexibility of the cores. Local lipids
